It has been reported (Pratt, 1952b) that Mycobacterium phlei grows well in a medium contaiing L-glutamic acid and ammonium ion as the source of nitrogen, both being essential for rapid growth. Subsequent investigation demonstrated the nonspecific nature of the requirement for L-glutamic acid since it could be replaced by any of the a-amino acids or Lasparagine. DL-Glutamic acid was found to have activity equivalent to L-glutamic acid. ,8-Alanine in contrast to a-alanine was not effective, suggesting that the amino group must be in the aposition. Creatine, urea, glucosamine, fumaric acid, succinic acid, a-ketoglutaric acid, acetic acid, and lactic acid were not active. An understanding of this nonspecific growth requirement of M. phlei for a-amino acids was made possible through an observation of Dr. I. Tsung Cheng,'3 while attempting to produce mutations of M. phlei by means of ultraviolet irradiation. The organism was found to grow reasonably well in a chemically defined medium, a modification of that described by Davis and Mingioli (1950) for Escherichia coli. This medium contained neither a-amino acids nor added trace elements, but citrate ion which was not present in the minimal medium routinely used for M. phlei. China, 1949 China, -1950 ml. It was added arbitrarily as one component of a trace element solution similar to that employed by Mueller (1939) in media for the diphtheria bacillus. The rationale for adding such a solution is one of security, to add an adequate supply of the essential minerals for all experimental circumstances. Some observations on the growth inhibitory action of Cu++ and its neutralization are reported here.
MATERIALS AND METHODS
The strain of M. phlei and the experimental procedures employed in these studies have been described in a previous paper (Pratt, 1952a) . The basal medium employed in these experiments had the following composition per 10 ml: glucose, 200 mg; "tween 80" (polyoxyethylene derivative of sorbitan monooleate), 50 mg; NH4CI, 20 mg; K2HPO4, 50 mg; MgSO4-7H20, 0.5 mg; FeSO4 7H20, 0.05 mg; MnCl124H20, 0.003 mg; ZnSO4, 0.008 mg. The glucose was sterilized separately as a 40 per cent solution and was added to the final medium aseptically. The MgSO4-7H20 and the trace metals also were sterilized separately as a concentrated solution. The medium contained 0.0005 per cent phenol red and the pH was adjusted to 7.2.
RESULTS AND DISCUSSION
The results shown in table 1 are from an experiment designed to demonstrate the inhibitory action of Cu++ and its neutralization by L-glutamate and citrate. It appears that the toxicity of Cu++ is an inverse function of the concentration of L-glutamate or citrate. The highest concentrations were neutralized only by the largest amount of L-glutamate or citrate studied. It must be noted that no effort has been made to free the basal medium of traces of metal contamination. The presence of small amounts of inhibitory cation is reflected perhaps in the failure of small inocula to grow in the basal medium containing no added copper. The addition of either citrate or L-glutamate will permit growth of 10 to 30 cells.
DARRELL PRATT
The protective action of citrate suggests that Cu++ may be detoxified by the formation of nonionized complexes. Such formations have been described for Cu++ and a-amino acids (Borsook and Thimann, 1932; Keefer, 1948) . Histidine neutralized the inhibitory action of Co++ for Proteus vulgaris (Schade, 1949) . A complex is formed between histidine and Co++ reducing the concentration of free cobalt ion. The properties of this complex have been studied thoroughly (Hearon, 1948) . The values in columns 3, 4, 5, 6, 7 are mg of bacterial nitrogen per 10 ml of culture media.
The cultures bad an initial volume of 20 ml and were contained in 125 ml Erlenmeyer flasks.
The cultures were incubated 48 hours at 37 C.
Aliquots of 5 ml were used for the nitrogen analyses.
The addition of suitable amounts of either Ca++ or Mn++ to the culture medium was observed to antagonize the toxicity of Cu++ for M. phle. However, Ca++ was effective only when it was heat sterilized in the medium to which the Cu++ had been added previously. Under these circumstances larger amounts of Ca++ (100 9g of CaCl2-2H20 per ml) produced a visible precipitate. Analysis of such precipitates for Cu++ demonstrated that 5.3 pg of the 5.6 ,Ag of Cu++ added to 20 ml of medium had coprecipitated. The partial toxicity of very small amounts of Cu++ could be neutralized by concentrations of Ca++ not producing a visible precipitate but only under the conditions described. By contrast Mn++ was effective regardless of the order in which the components were added.
When 100 pg of MnS0O44H20 were added per ml, a visible precipitate was formed even in the absence of heat. It was found that such a formed precipitate would adsorb as much as 2.8 pg of the 5.6 pug of Cu++ added to 20 ml of medium. Again concentrations of Mn++ producing no visible precipitate neutralized the partial toxicity of small amounts of Cu++. The dithizone method (Sandell, 1950) was used to analyze the precipitates for Cu++. Zn++ when added to the medium produced a visible precipitate which did not coprecipitate Cu++ under any of the conditions tested. This cation is not toxic to M. phle, nor does it antagonize the toxicity of Cu++. From these observations it seems most likely that the neutralizing effect of Ca++ and Mn++ is related to the removal of the toxic cation by coprecipitation and is not an example of ion antagonism at the metabolic level. These findings although negative are included since they illustrate a technical difficulty inherent in studying ion antagonisms in culture media.
Cupric ion inhibits the growth of M. phlei at low concentrations. Sher and Sweany (1939) found Cu++ to be toxic for Mycobacterium tuberculosis. Their studies were made using Long's medium which contains ammonium citrate and asparagine, both capable of neutralizing the toxicity of Cu++ for M. phli. Comparatively high concentrations of CuS04-5H20 (1 part in 3,000) were required to inhibit the growth of M. tuberculosis. Possibly the actual concentration of free Cu++ necessary to inhibit the growth of the tubercle bacillus is of the same order of magnitude as that which is toxic for M. phlei. By contrast Cu++ has been tested at concentrations as high as 125 pg per 10 ml and found to have no effect on the growth rate of E. coli (Young, Begg, and Pentz, 1944 ).
An apparent nonspecific growth requirement exhibited by Mycobacterium phlei for a-amino acids has been investigated. It was found to result from the common property of these compounds to detoxify Cu++, routinely added to the culture medium as a trace element. Citrate exerts a similar protective action.
